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© A humidifier conduit 


© A humidifier conduit has an enclosed helical 
passageway 47 in the wall thereof to provide an 
insulating barrier against heat transfer from the in- 
side of the conduit 70 to the outside of the conduit. 
The conduit may include at least one heating means 
£y 31. 32 helically disposed between the inner wall 64 
^ and outer wall 48 of the conduit to assist in the 
Q retention of a desired gases temperature in the hu- 
^ midified air flow which is to flow through the conduit 
^ in use. The conduit preferably is constructed by 
^ helical winding of a unit profile 62 and bonding of 
^ adjacent turns of the helically wound profile 62 to 
CO form the conduit, the unit profile 62 including com- 
Q plementary connecting means 55, 61 so that adja- 
cent turns of the helically wound profile 62 are 
1^ securely connected to form the conduit. The unit 
profile may include an overlapping member 54 to 
overlap adjacent turns of the profile and act in an 


armadillo-like fashion to ensure flexibility of the con- 
duit, while retaining the insulative properties of the 
double waii4d, 64 and enclosed helical passageway 
47. 
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This invention relates to respiratory humidifiers 
and more particularly though not solely to respira- 
tory humidifier conduits used in the breathing cir- 
cuits of humidifiers to provide humidified gases to 
a patient or other person in need of such gases. 

It is well known that, in an attempt to minimise 
or eliminate "rain out" or condensation occurring 
within a respiratory breathing circuit, heating ele- 
ments have been used to maintain a desired tem- 
perature for the gases and the inner conduit walls. 
The temperature of the gases within the humidifier, 
when delivered to the patient, is typically 37 "C 
and, room temperature is typically in the vicinity of 
22 'C. The heating element has been provided 
around the outer surface of the conduit so that the 
heat dissipated by the element Is conducted 
through the conduit wall to heat or maintain the 
temperature of the gases flowing within the conduit. 
Respiratory humidifier conduits including heating 
elements enable the gas delivered by the conduit 
to be liquid free and of high relative humidity. 

Originally, in order to overcome the problem of 
condensation within the conduit, "water traps" 
comprising special dishes connected at the mid 
point of the conduit were used to collect any liquid 
which may have condensed within the conduit. It is 
obvious that the use of such a device depends on 
gravity causing the liquid to flow to the water trap 
rather than to the patient. 

Recently, respiratory conduits have included 
heater wires external of or even within the conduit. 
There are major disadvantages associated with 
providing a heater wire within the conduit. These 
disadvantages include the additional resistance to 
the gas flow, impairing the capability of the ventila- 
tor which controls the pressure and volume of 
gases delivered to the patient and cleaning is 
greatly impaired. When the gases flowing in the 
conduit are combustible gases such as some gas- 
es used in anaesthesia, there is a potential for a 
fault In the heating element causing sparking which 
could ignite the gases. 

An example of a respiratory humidifier conduit 
having a heating wire disposed within the conduit is 
disclosed in US Patent No 3,856,051 to Bain. For 
the foregoing reasons this arrangement is undesira- 
ble. 

An example of a respiratory humidifier conduit 
having heating wires attached external to the con- 
duit is disclosed in German Patent Application No 
DE 42 44 493. The respiratory humidifier conduit 
disclosed consists of a cylindrical conduit having 
spirally wound thereon a rib or ridge which struc- 
turally supports the conduit walls acting to prevent 
kinking of the tube. Heating conductors are posi- 
tioned either along the ribs or ridges on the outside 
of the tube or within the ribs or ridges (if the ribs or 
ridges are tubes wound around the conduit). The 


respiratory humidifier conduit has the disadvantage 
that the heating conductors at the base of the ribs 
or ridges dissipate much of their energy to ambient 
air. Also, due to its construction, the respiratory 

5 conduit disclosed is not supple or easily bent and 
therefore III suited to use in conditions which re- 
quire the conduit to be manipulated to a different 
shape depending on the individual circumstances 
of the person requiring the humidified gases. In 

70 addition the conduit disclosed is very heavy. 

It Is, therefore, an object of the present inven- 
tion to provide a respiratory humidifier conduit 
which goes some way towards overcoming the 
above disadvantages or which will at least provide 

75 the public with a useful choice. 

In one aspect the invention may broadly be 
said to consist in a conduit for carrying humidified 
gases comprising: 

at least one axlally extensive unit profile 

20 helically wound with adjacent turns touching to 
define an axial passage within said helix, said unit 
profile when helically wound, with adjacent turns 
touching, defining at least one enclosed helical 
passage, around said axial passage, each turn of 

25 said helically wound profile bonded to adjacent 
turns of said profile. 

In a further aspect the invention may broadly 
be said to consist in a process for manufacturing a 
humidified gases conduit comprising the steps of: 

30 forming an axlally extensive unit profile, said 
unit profile when helically wound with adjacent 
turns touching, defining at least one helical pas- 
sage. 

helically winding said axlally extensive unit pre- 
ss file such that said profile forms the wall of a con- 
duit one surface of said profile forming the internal 
surface of said conduit, a opposite surface of said 
profile forming the external space of said conduit, 
and 

40 bonding adjacent turns of said helically wound 

unit profile. 

In a still further aspect the invention may 
broadly be said to consist in a conduit for carrying 
humidified gases comprising: 
45 a inner wall defining the gases flow conduit 

an outer wall co-axlally located with respect to 
said inner wall, said outer wall spaced radially 
outwardly from said inner wall 

at least one intermediate co-axial helical wall 
50 disposed between said inner wall and said outer 
wall, said Inner wail, said outer wall and said Inter- 
mediate wall together defining at least one helical 
passage around said inner wall. 

and a heater element disposed between said 
55 Inner wall and said outer wall and spiralling around 
said inner wall. 

The invention consists in the foregoing and 
also envisages constructions of which the following 
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gives examples. 

Preferred forms of the present invention will 
now be described with reference to the accom- 
panying drawings In which; 

Rgure 1 is a exploded schematic view of a 
humidification system incorporating the respira- 
tory humidifier conduit of the present invention, 
Figure 2 is a cross sectional view of a section of 
the respiratory humidifier conduit shown in Fig- 
ure 1, according to a first embodiment of the 
present invention, 

Figure 3 is a cross-sectional view of the axially 
extensive unit profile of a second embodiment 
of the present invention, 

Rgure 4 is a cross-sectional view of the humidi- 
fier conduit constructed using the axially exten- 
sive unit profile of Figure 3, 
Rgure 5 is a cross-sectional view of a variant of 
the axially extensive unit profile shown in Figure 
3. 

Figure 6 is a cross-sectiona! view of the humidi- 
fier conduit formed using the axially extensive 
unit profile of Figure 5, 

Rgure 7 is a cross-sectional view of another 
variant of the axially extensive unit profile of 
Figure 3. 

Figure 8 Is a cross-sectional view of the humidi- 
fier conduit formed using the axially extensive 
unit profile of Figure 7; and 
Rgure 9 is a cross-sectional view of a section of 
the respiratory humidifier conduit shown in Fig- 
ure 1 according to a third embodiment of the 
present invention. 

With reference to Rgure 1 a respiratory hu- 
midification system is shown wherein respiratory 
humidification conduits 11 (inspiratory line) and 13 
(expiratory line) are used to provide humidified 
gases from a humidifier 1 to a patient or other 
person in need of such gases. The humidifier 1 is 
provided with a beating plate 4 which is controlled 
by the humidifier 1 to heat water within a humidi- 
fication chamber 2 having a heat conducting base 
3 which, in use, sits on the heating plate 4. The 
humidification chamber 2 has an Inlet 5 to receive 
gases (which may be for example air, oxygen or an 
anaesthetic gas) via a connecting conduit 10 sup- 
plying gases from a ventilator 7 through ventilator 
outlet 8. 

The humidification chamber 2 has an outlet 6 
through which the gases supplied by the ventilator 
(and which have been humidified) pass into the 
inspiratory conduit 1 1 via connecting piece 34. The 
ends of the inspiratory conduit 1 1 are terminated in 
cuffs 21 and 22. Cuff 22 has electrical connecting 
pins moulded therein for a connection to heater 
wire plug 18 which supplies power from a con- 
trolled power supply within humidifier 1 through 
heater power wire 1 7. A resistive heater element is 


incorporated In the conduit 11 as will soon be 
described and which is connected to the above 
mentioned connecting pins within cuff 22. The con- 
duit cuff 21 is connected to a Y shaped adapter 12 

5 having an outlet for the humidified gases to flow in 
the direction of arrow 27 to the patient or other 
person in need of such gases. 

The Y shaped adaptor 12 has a further outlet 
for connection to cuff 20 of an expiratory conduit 

10 13 which is further connected to the inlet 9 of 
ventilator 7 by cuff 23. Cuff 23 is similar to cuff 22 
as it also has a connection for a heater wire which 
is incorporated in conduit 13. A further heater wire 
plug 19 supplies power to the further heater wire 

75 within the conduit 13 via connection to the connect- 
ing pins in cuff 23 through heater power wire 17. 

Preferably the humidification system incorpo- 
rates the ability to sense temperatures at various 
positions along the path of the gases within the 

20 system. A first temperature probe 14 is provided 
for insertion within an orifice in the Y shaped adapt- 
or 12 in the path of the inspiratory gases so that 
the temperature of the gases at the point they are 
supplied to the patient may be determined and fed 

25 back to the humidifier 1 . The humidifier 1 includes 
control means 38 which controls the temperature 
and/or the on/off state (or duty cycle) of the heater 
plate 4. Controller 38 could for example, comprise 
a microprocessor programmed to carry out the 

30 operation of the humidifier as herein described. 

A further temperature probe 15 is provided 
directly at the humidification chamber outlet 6 by 
insertion within connecting piece 34 so that the 
temperature of the gases leaving the humidification 

35 chamber may be fed back to the control circuitry 
within the humidifier 1. The control means 38, as 
well as controlling the heating of the water within 
the humidification chamber, also controls the sup- 
ply of power to the heater wires within conduits 1 1 

40 and 13. Arrows 24, 25 and 26 demonstrate the 
direction of flow of the gases from the ventilator 
through the humidification chamber 2, to the pa- 
tient in the direction of anrow 27 and then back 
along the expiratory conduit 13 to the ventilator 7. 

45 With reference now to Rgure 2, one of the 

conduits, in this case inspiratory conduit 11, is 
shown in cross-section in more detail than in Rg- 
ure 1 . It can be seen that the conduit 1 1 comprises 
a inner corrugated conduit 35 surrounded by an 

50 outer sheath 30. Both the outer sheath 30 and inner 
corrugated conduit 35 are preferably extruded in a 
flexible plastics material, for example AT 1080 
(which Is a compound consisting of polyethylene 
and EVA and Is manufactured by Imperial Chemi- 

55 cal Industries (ICI)). Although the inner conduit 35 
appears corrugated in cross-section, this is as a 
result of the outer surface of inner conduit 35 
having impressed therein two equally pitched and 
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equally spaced helical grooves along the entire 
length of the conduit. In cross-section the grooves 
may be considered to be made up of a ridge 28 
followed by a groove 29. The outer sheath 30 is 
much thinner In comparison to the thickness of 
inner conduit 35 (being approximately 100 urn to 
150 um thick) and may be extruded directly onto 
the inner conduit 35 during manufacturing. 

The conduit further Includes inner sheath 40 
which may also be extruded from for example 
ATI 080. Inner sheath 40 is disposed Internal of 
corrugated conduit 35, and bonds to the internal 
side of the troughs of grooves 29 producing further 
airpockets 41 and 42 between the corrugated con- 
duit 35 and the inner sheath 40. Like the outer 
sheath 30 inner sheath 40 is preferably of signifi- 
cantly lesser thickness than the thickness of cor- 
rugated conduit 35. 

The outer sheath 30 bonds to the inner conduit 
35 around the crests of ridges 28 producing air 
pockets 33 and 36 which are helical pockets of air 
surrounding the inner conduit 35. Within the pock- 
ets of air 33 and 36, heating means, for example 
heater wires 31 and 32 are provided spirally wound 
within the grooves at of near the base of the 
grooves 29, along the length of the conduit The 
wires are wound around the inner conduit 35 before 
the addition of the outer sheath 30. The end 37 of 
the conduit is terminated in a cuff 21 which seals 
the outer sheath 30 to the Inner conduit 35 at the 
end of the conduit in addition to providing a con- 
necting termination for heater wires 31 and 32. The 
other ends of the heater wires 31 and 32 are 
separately terminated within cuff 22 to respective 
connecting pins for connection to heater wire plug 
18. An example of a material which may be used 
as a heater wire Is nichrome. The choice of resis- 
tance per unit length for the heater wire is depen- 
dent upon the length of conduit under manufacture. 

It would alternatively be possible to wind the 
inner conduit 35 with one individual heater wire by 
winding the heater wire down one of the helical 
grooves to the end 37 of conduit 35. then crossing 
the wire into the other helical groove so that the 
wire may be wound back to the starting end of the 
conduit. 

Alternatively a single rather than double helix 
could be used, one heater wire provided in the 
helical pocket formed between the corrugated con- 
duit 35 and the outer sheath 30, and one heater 
wire provided in the helical pocket formed between 
corrugated conduit 35 and the inner sheath 40. 
However this Is not a preferred configuration as the 
wire positioning is not fully controlled, and the 
presence of a wire against inner sheath 40 may 
damage the inner sheath 40. 

An alternative to having both heated wire 31 
and 32 of high resistance, producing heat, it Is 


advantageous that instead one of the heater wires 
is of high resistance, and one of the heater wires is 
of substantially no resistance, so that with the pa- 
tient end of the high resistance wire connected to 

5 the patient end of the lower resistance wire, the 
heater wires may be connected to a power source, 
for example a 12 V or 24 V DC supply such that 
the voltage along the high resistance wire ranges 
substantially from the supply voltage at the supply 

10 end to substantially zero volts at the patient end. 
and the low resistance return wire is at substan- 
tially zero volts along its entire length. This pro- 
vides some advantages, in particular it has the 
benefit of low electromagnetic radiation close to the 

T5 patient. 

Referring to Figure 9, an alternative embodi- 
ment of the present invention is shown in which 
inner sheath 40 and outer sheath 30 are separated 
by elongate nan^ow member 80 wound helically 

20 around inner sheath 40, the Inner sheath, outer 
sheath and elongate member therefore defining 
helical passageway 82 which spirals around the 
inner sheath 40. A heater wire, for example 32, 
may be located in the thus formed helical passage- 

25 way. Elongate member 80 preferably has axial 
groove 81 formed therein, and the heater wire is 
then preferably disposed in the groove 81, as 
shown by heater wire 31 so that the heater wire is 
disposed against the inner wall 40 to thereby Im- 

30 prove the heating efficiency of the heater element. 
Preferably as shown to aid in placing the elongate 
member 80. elongate member 80 has a flattened 
portion adjacent the inner wall 40. Preferably as 
described above, one of heater wires 31 and 32 is 

35 of substantially higher resistance than the other, in 
this case the wire of higher resistance preferably 
being wire 31 disposed in the axial groove 81 . 

Manufacture of the conduit of Rgure 9 is pref- 
erably conducted by extruding the inner wall 40, 

40 the elongate member 80 and the outer sheath 30 
simultaneously. The heater wire 31 may be dis- 
posed inside or at the surface of member 80 during 
the extrusion process. 

With reference to Figures 3 and 4, a further 

45 alternative embodiment of the present invention is 
shown in which conduit 1 1 is formed by forming an 
axially extensive unit profile 45, helically winding 
unit profile 45 so that unit profile 45 forms the wall 
of a tube, the passage 70 of the tube being coaxial 

50 with the axis of the helix and bonding adjacent 
turns of the helically wound unit profile 45. It is 
considered that the most appropriate method of 
forming unit profile 45 is by extruding a flexible 
plastic section, for example using the aforemen- 

55 tioned material AT1080, and that the spiral winding 
of the axially extensive unit profile 45 can be per- 
formed by for example winding the unit profile 
about cylindrical member 65. With reference to 
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Figure 3 it can be seen that unit profile 45 com- 
prises a tubular section tiaving axial internal cavity 
47, surrounded by, on two sides, opposing thin 
walls 46, and on the other two sides opposing 
thicker walls 49. Unit profile 45 also Includes two 
heater wires 31 and 32 which may for example be 
located in the unit profile 45 during the extrusion of 
unit profile 45. 

Referring to Figure 4, axially extensive unit 
profile 45 is shown helically wound about tubular 
member 65, to form tube 11. As it is shown, the 
opposing thinner walls 46 form the internal 64 and 
external 48 surfaces of the tube 11. Opposing 
thicker walls 49, when unit profile 45 has been 
helically wound, become adjacent in adjacent turns, 
and adjacent outer surfaces of walls 49 are bon- 
ded, for example at join 50. This joint may be 
made most commonly with an adhesive, however 
other forms of bonding are available, for example 
thermal welding using a laser or an eddycurrent 
heatable ferrous filament disposed in the unit pro- 
file, to melt one or both adjacent surfaces, cooling 
of the surfaces resulting in a bonded joint 50. The 
tubing 11 thus formed has significant advantages, 
for example enclosed airspace 47 entrapped be- 
tween inner conduit surface 64 and outer conduit 
surface 48 lends very good insulative properties, 
thereby reducing heat loss between the heated 
gases flowing in conduit 1 1 and the cooler ambient 
exterior atmosphere when in use. Further, the tub- 
ing, with evenly spaced spirally wound heater wires 
31 and 32. provides even heating, or heat main- 
tenance of the gases flow. The conduit 1 1 also has 
the further advantage that both the interior and 
exterior surfaces are substantially smooth and 
therefore have a lower heat transfer rate than many 
currently used conduits where corrugations, de- 
signed to allow flexibility in the conduit, can act as 
cooling fins and often facilitate unwanted heat 
transfer. In order to maintain flexibility in the tube 
11, the unit profile 45, as described, has thinner 
walls 46. Thinner walls 46 are easily able to buckle, 
and thereby allow the longitudinal wall elasticity 
necessary for bending and flexing of the tube 1 1 . 

With reference to Figures 5 and 6, a variant of 
the embodiment of the invention shown in Figures 
3 and 4 is depicted, in which the bonding of 
adjacent turns of the helically wound unit profile 66 
Is, preferably in addition to adhesive or thermody- 
namic bonding, assisted by the provision on unit 
profile 66 of female connection means 52 and male 
connection means 51, the male connection means 

51 of one turn of helically wound unit profile 66, 
being engaged with the female connection means 

52 of the adjacent turn of helically wound unit 
profile 66. In this embodiment it can again be seen 
that heater wires 31 and 32 are provided in the unit 
profile 66. It is considered preferable, as shown in 


the Figure 5, that heater wire 32 is disposed in the 
male connection means, so that thermoplastic 
bonding of adjacent turns of the unit profile may be 
accomplished by the passing of a high current 

5 through the heater wire 32, thereby locally melting 
the surrounding plastic of at least the male connec- 
tion means, cooling of the molten plastic causing 
bonding. Given the possible detrimental effect that 
excessive currents may have on the heater wire 32. 

10 it is instead possible that rather than disposing 
heater wire 32 in male connection means 51. a 
third wire might be used. 

With reference to Figures 7 and 8, a further 
variant of the embodiment shown in Figures 3 end 

75 4 is depicted, having unit profile 62. Unit profile 62 
varies somewhat from unit profile 45 and from unit 
profile 66. 

Rather than relying on the buckling of walls 46 
as in Figures 3 and 5 to provide flexibility for the 

20 humidifier conduit, unit profile 62 relies on arma- 
dillo-like plates or scales formed by overlapping 
portion 57 to provide flexibility for the humidifier 
conduit. As shown in Figure 7, unit profile 62 
preferably comprises inner wall 58 and outer wall 

25 59, which is substantially parallel to inner wall 58, 
both walls extending from opposite ends of a con- 
necting wall 61 perpendicular to both inner and 
outer walls 58 and 59. A helically wound unit profile 
of this simplified form, with the free end of inner 

30 wall 58 of the axially extensive unit profile bonded 
in the helically wound form to the outer space of 
connecting wall 61, forms enclosed helical cavity 
47. As shown in Rgure 8, cavity 47 is surrounded 
on its four sides by outer wall 59, inner wall 58 and 

35 connecting wall 61 of one turn of the axially exten- 
sive unit profile, and on the fourth side by connect- 
ing wall 61 of an adjacent turn of the axially exten- 
sive unit profile. 

As shown in Figures 7 and 8. the bonding of 

40 adjacent turns of the helically wound axially exten- 
sive unit profile can be facilitated and enhanced by 
provision on the unit profile 62 of bonding wall 53, 
disposed from the end of inner wall 58 opposite to 
the connection between inner wall 58 and connect- 

45 ing wall 61, and parallel to connecting wall 61, so 
that the exterior surface 60 of bonding wall 53 may 
be bonded for example by adhesive to the exterior 
surface of connecting wall 61. As shown in Figure 
7, bonding wall 53 may extend only partially be- 

50 tween inner wall 58 and outer wall 59, however if 
only adhesive bonding is to be used, then it would 
be preferable that bonding wall 53 extend fully 
from inner wall 58 to a point adjacent outer wall 59. 
In the embodiment shown in Figure 7 however, 

55 further means to facilitate the secure connection of 
adjacent turns of the wound unit profile are shown. 
Hooking wall 55 is provided at the outer end of 
connecting wall 61 . N/Vhen the unit profile is wound, 
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the hooking wall 55 hooks over the free end 71 of 
bonding wall 53 to further secure adjacent turns, 
and therefore hooking wall 55 is preferably formed 
with internal curvature complementary to the thick- 
ness of bonding wall 53. As with the supplementary 
connection means 51 shown in Figure 5, it is 
possible to provide in bonding wall 53. electrically 
resistive wire 32 which, with the unit profile helical- 
ly wound and hooking wall 55 engaged over the 
end 71 of bonding wall 53. may have a substantial 
current passed through it, to cause the wire 32 to 
heat and preferably locally melt the material of 
which the bonding wall 53 and hooking wall 55 are 
formed, and therefore form an integral bond be- 
tween the hooking wall 55 and the bonding wall 53. 
The embodiments shown also include heater wire 
31. 

As shown in Figure 7, it is preferable that the 
outer wall 59 of unit profile 62 has curvature 64 to 
step out the outer wall 59 so that a smooth overlap 
of the overlapping end 54 of outer wall 59 and the 
outer wall 67 of adjacent turn 63 of the helically 
wound unit profile. The smooth curvature of curve 
64 also allows when necessary the overlapping end 
54 to ride up the outer surface of the curve, and 
the inner surface of the curve to ride up when 
necessary over the outer surface of hooking wall 
55. It can be seen therefore that the unit profile 
shown in Rgures 7 and 8 substantially maintains 
the insulative helical passageway 47 in the humidi- 
fier conduit, while allowing substantial flexibility in 
the conduit due to the armadillo-like effect of the 
overiapping scales or plates. 

The conduits of Figures 3 to 8 have been 
shown including in each unit profile 62 heater wires 
31 and 32. It is possible however that the unit 
profile could be formed using only one of the 
heater wires, and still provide a full loop of heater 
wire. Accomplishment of this would require that, 
rather than helically winding only a single axialiy 
extensive unit profile, instead two axialiy extensive 
unit profiles, each having one heater wire, would be 
simultaneously wound to form effectively a double 
helix. The bonding of adjacent turns of the axialiy 
extensive unit profiles would be identical to that 
required when forming the conduit by helical wind- 
ing of only a single unit profile. 

The process of helically winding the unit profile 
can be achieved in continuous process with the 
extrusion of the unit profile, for example by attach- 
ing the free end of the extruded profile to a cylin- 
drical member 65, and rotating the cylindrical 
member 65 to form turns of the axialiy extensive 
unit profile thereon. It is preferable in this respect 
that cylindrical member 65 be moved in an axial 
direction 77 so that turns are formed on the cylin- 
drical member in an adjacent sequence. For the 
embodiments of the unit profiles shown In Figures 


5 and 7, having connection means 51 and 55, 
forming guides for example 73 and 74 are prefer- 
ably provided adjacent the point where the unit 
profile Is being laid on cylindrical member 65. to 

5 cause the engagement of the engagement means. 
Similar forming members may also be provided for 
the unit profile of Rgure 3, to ensure sufficient 
pressure for strong adhesive bonding of adjacent 
turns of the unit profile. 

70 Referring to Figures 1 to 9, in use. the heater 

wires 31 and 32 are on occasion (when determined 
by the control means 38 within the humidifier 1) 
energised such that current will flow in the resistive 
heater wires and heat will be produced. This heat 

75 is conducted through the internal wall of the hu- 
midifier conduit. As the gas flowing within the con- 
duit is in contact with the inner surface of the 
internal wall of the conduit, heat is transferred to 
the gases flow so that the temperature of the Inner 

20 surface of the intemal wall is comparable to the 
temperature of the humidified gases flow resulting 
in little or no condensation. 

Referring to Figure 2, the air pocket 36 acts as 
a Insulating layer or buffer zone so that the heat 

25 produced by the heater wire 31 or 32 is not easily 
dissipated away to the ambient air. As, in reality 
each of the alternate air pockets are connected, the 
"air pocket" is actually a helical tube around the 
inner conduit 35 which is heated by the heater wire 

30 encouraging even heat distribution along the length 
of the conduit. 

As the heater wire 31 or 32 is at the base of 
the grooves 29 in the outer surface of the inner 
conduit 35 the temperature on the inner surface of 

35 the inner conduit 35 at the point adjacent the 
heater wires will be slightly higher than the tem- 
perature on the inner surface of the inner conduit 
35 adjacent the ridges 28 (which are the furthest 
points from the heater wires). The Insulating air 

40 pockets 33 and 36 aid in minimising this tempera- 
ture difference as the heated air within the pockets 
encourages even heat distribution around the 
groove and through all points of the walls of the 
grooves. 

45 Referring to Figures 2 to 9, the insulating air 

layer contained between the outer and inner walls 
of the humidifier conduit substantially reduce the 
heat loss from the gases flow. 

The construction and arrangement of conduit 

50 13 is in each case identical to the previously de- 
scribed conduit 1 1 . 

The present invention has been found to pro- 
vide an extremely flexible yet durable conduit suit- 
able for use in a wide range of ambient tempera- 

55 ture and draught conditions. Because of the double 
helical construction the conduit is able to be bent 
without kinking which would otherwise impede the 
flow of gases within the conduit. A major advantage 
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Is the ability of the present invention to minimise or 
reduce the temperature gradient both through and 
along the inner surface of the inner conduit 35 
minimising or eliminating condensation. 

The features disclosed in the foregoing de- 
scription, in the claims and/or in the accompanying 
drawings may, both separately and in any com- 
bination thereof, be material for realising the inven- 
tion in diverse forms thereof. 

Claims 

1. A conduit for carrying humidified gases 
characterised in that said conduit comprises: 

at least one axially extensive unit profile 
(45, 66, 62) helically wound with adjacent turns 
touching to define an axial passage (70) within 
said helix, said unit profile (45, 66, 62) when 
helically wound, with adjacent turns touching, 
defining at least one enclosed helical passage 
(47), around said axial passage (70), each turn 
of said helically wound profile (45, 66, 62) 
bonded to adjacent turns of said profile. 

2. A conduit as claimed in claim 1 wherein said 
unit profile (45, 66) comprises a substantially 
rectangular tube, said substantially rectangular 
tube having a longitudinal passage (47) dis- 
posed therein, and having four substantially 
exteriorally flat walls (49, 69, 46, 46). two op- 
posing walls (49, 49) of each turn of said 
helically wound tube (45. 66) bonded to the 
adjacent walls of adjacent tums. 

3. A conduit as claimed in claim 2 wherein said 
two opposing bonded walls (49, 49) of said unit 
profile (45. 66) are thicker than the two oppos- 
ing walls (46, 46) of said tube forming the 
interior (64) and exterior (48) surface of said 
conduit for carrying humidified gases. 

4. A conduit as claimed in any one of claims 1 to 
3 wherein said unit profile (45, 66) includes a 
first engagement means (51) associated with 
one of said bonding sides (49), and a second 
complementary engagement means (52) en- 
gagable with said first connection means, on 
said other bonding side (49), for each turn of 
said helically wound tube (45, 66), said first 
engagement means (51) being engaged with 
the second engagement (52) means of a adja- 
cent tum and said second engagement means 
(52) being engaged with the first engagement 
means (51) of the other adjacent tum. 

5. A conduit as claimed in claim 4 wherein said 
first engagement means (51) comprise a male 
protruding member, and said second engage- 


ment means (52) comprise a female receiving 
recess, complementary to said male protruding 
member (51). 

5 6. A conduit as claimed in any one of claims 1 to 
5 wherein said unit profile includes at least one 
heating means (31, 32) longitudinally disposed 
therein. 

70 7. A conduit as claimed in claim 6 wherein said 
conduit comprises one helically wound unit 
profile (45, 66) and said heating means com- 
prise two wires (31, 32), at least one of said 
wires being of high resistance. 

15 

8. A conduit as claimed in claim 5 wherein a 
heatabie wire (32) is disposed in said male 
protruding member (51). 

20 9. A conduit as claimed In claim 7 wherein the 
lower resistive wire (32) is disposed in said 
male protruding member (51). 

10. A conduit as claimed in claim 6 wherein said 
25 conduit comprises two helically wound axially 
extensive unit profiles (45, 66), forming a dou- 
ble helix, and said heating means comprises at 
least one electrically resistive wire (31. 32). 

30 11. A conduit as claimed in claim 10 wherein at 

least one said resistive wire (31, 32) is dis- 
posed in said male protruding member (51). 

12. A conduit as claimed in claim 1 wherein said 
35 axially extensive unit profile (62) comprises an 

inner wall (58), an outer wall (59) parallel to 
said inner wall (58), and a connecting wall (61) 
perpendicular to said inner (58) and outer (59) 
walls, said inner (58) and outer (59) walls ex- 

40 tending from opposite ends of said connecting 

wall (69), each turn of said helically wound unit 
profile bonded to one adjacent turn at or adja- 
cent said connecting wall (61 ) and to the other 
adjacent turn at or adjacent the free end of 

45 either the inner (58) or outer (59) wall, the 

inner wall (58) of said helically wound unit 
profile (62) forming the inner wall (64) of said 
conduit and the outer wall (59) of said helically 
wound unit profile (62) forming the outer wall 

50 (48) of said conduit. 

13. A conduit as claimed in claim 12 wherein 
whichever of said free end (54) of said inner 
(58) or outer (59) walls is not bonded to a 

55 adjacent turn of said unit profile (62) overlaps 

said adjacent turn of said unit profile (62). 
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14. A conduit as claimed in either claim 12 or 
claim 13 wherein the free end (53) of said 
inner wall is bonded to said adjacent turn. 

15. A conduit as claimed in claim 14 wherein said 
unit profile includes a bonding wall (53), par- 
allel to said connecting wall (61), extending 
from whichever of said free end of said inner 
or outer walls is bonded to a adjacent turn of 
said unit profile, and the outer surface (60) of 
said bonding member (53) is bonded to the 
outer surface of the connecting member (61) of 
an adjacent turn. 

16. A conduit as claimed in claim 15 wherein said 
bonding member (53) includes a first connec- 
tion means (71), and said connecting wall (61) 
includes a second complementary connection 
means (55), said first connection means (71) 
engaged with the second connection means 
(55) of an adjacent turn. 

17. A conduit as claimed in claim 16 wherein said 
first connection means (71) comprises the free 
end of said bonding member (53), and said 
second connection means (55) comprises a 
hook wall extending from the outside surface 
of said connecting wall (61) to hook over said 
free end (71) of said bonding wall (53). 

18. A conduit as claimed in any one of claims 12 
to 1 7 wherein said unit profile includes at least 
one heating means (32, 31). 

19. A conduit as claimed in claim 18 wherein said 
heating means comprise electrically resistive 
wires. 

20. A conduit as claimed in claim 17 wherein at 
least one heating means (32) is disposed at or 
adjacent the free end of said bonding member. 

21. A process for manufacturing a humidified gas- 
es conduit characterised in that said process 
comprises the steps of: 

forming an axially extensive unit profile 
(43, 66. 62), said unit profile when helically 
wound with adjacent turns touching, defining at 
least one helical passage (47), 

helically winding said axially extensive unit 
profile (43, 66, 62) such that said profile forms 
the wall of a conduit, one surface of said 
profile forming the internal surface (64) of said 
conduit, an opposite surface of said profile 
forming the external surface (48) of said con- 
duit, and 

bonding adjacent turns of said helically 
wound unit profile (45, 66, 62). 


22. A process as claimed in claim 1 wherein said 
axially extensive unit profile (45, 66, 62) is 
formed by extrusion of a flexible material. 

5 23. A process as claimed in either claim 21 or 
claim 22 wherein said bonding of adjacent 
turns of said helically wound unit profile (45, 
66, 62) includes gluing contacting surfaces of 
said adjacent turns, and contacting said glued 

70 adjacent surfaces. 

24. A process as claimed in any one of claims 21 
to 23 wherein said helical winding of said ax- 
ially extensive unit profile (45, 66, 62) com- 

T5 prises fixing a free end of said axially exten- 

sive unit profile (45, 66, 62) to a cylindrical 
member (65), rotating said cylindrical member 
(65), and concurrently laterally moving said 
cylindrical member (65). 

20 

25. A process as claimed in claim 23 wherein said 
helical winding of said axially extensive unit 
profile includes, while rotating said cylindrical 
member, applying lateral pressure to the most 

25 recently applied turn of said unit profile in the 

direction of said attachment point. 

26. A process as claimed in any one of claims 21 
to 25 wherein said unit profile (66, 62) includes 

30 on one exterior surface a first connection 

means (51, 71), and on a opposite exterior 
surface includes a second complementary 
connection means (52, 55), and said process 
includes the step of engaging the first connec- 

35 tion means (51, 71) of each turn with the 

second connection means (52. 55) of an adja- 
cent turn. 

27. A process as claimed in claim 26 wherein said 
40 first connection means (51, 71) is a protruding 

male connection member and said second 
connection means (52, 55) is a female connec- 
tion recess of complementary form, and said 
unit profile (66, 62) includes an electrically 

45 resistive wire (32) disposed in said protruding 

male connection member (51, 71), bonding 
adjacent turns of said helically wound unit pro- 
file (66, 62) Including passing a current through 
said electrically resistive wire (32) to cause 

50 said wire (32) to locally heat and melt said unit 

profile (66, 62) to cause permanent bonding of 
adjacent turns of said helically wound unit pro- 
file (66. 62). 

55 28. A process as claimed in any one of claims 21 
to 27 wherein said bonding of adjacent turns 
includes externally heating the contacting sur- 
faces of adjacent turns. 


8 



15 EP 0 672 430 A2 16 


29. A process as claimed in any one of claims 21 
to 28 wherein said unit profile (45, 66, 62) 
includes at said contacting surfaces a ferrous 
filament, and bonding adjacent turns of said 
helically wound unit profile (45, 66, 62) in- 
cludes electrical induction heating of said fer- 
rous filament to cause local heating or melting 
of said unit profile (45, 66. 62). 

30. A conduit for carrying humidified gases 
characterised in that said conduit comprises: 

an inner wail (40. 64) defining the gases 
flow conduit 

an outer wall (30, 48) co-axially located 
with respect to said inner wall (40. 64). said 
outer wall (30. 48) spaced radially outwardly 
from said inner wall (40. 64), 

at least one intermediate co-axial helical 
wall (35, 80, 49. 61) disposed between said 
inner wall (40, 64) and said outer wall (30, 48). 
said inner wall (40, 64), said outer wall (30, 48) 
and said intermediate wall (35, 80, 49, 61) 
together defining at least one helical passage 
(33, 36. 82, 47) around said inner wall (40. 64), 

and a heater element (31, 32) disposed 
between said inner wall (40, 64) and said outer 
wall (30, 48) and spiralling around said inner 
wall (40, 64). 

31. A conduit as claimed in claim 30 wherein said 
intermediate coaxial helical wall is an elongate 
narrow member (80) wound helically about 
said inner wall (40). 

32. A conduit as claimed in claim 31 wherein said 
elongate narrow member (80) has a groove 
(81) disposed axially therein, said member (80) 
located with said groove (81) adjacent said 
inner wall (40), and said heater element (31) is 
disposed in said groove. 

33. A conduit as claimed in claim (32) wherein a 
wire (32) of substantially less electrical resis- 
tance than said heater element (31) is dis- 
posed in said helical passage (82) around said 
inner wall (40). 

34. A conduit as claimed In claim 30 wherein at 
least two said intermediate co-axial helical 
walls (35) are disposed between said inner wall 
(40) and said outer wall (30), said outer wall 
(30). said intermediate walls and said inner wall 
(40) defining at least two helical passages (33, 
36) around said inner wall (40), and an elec- 
trically conductive element (31 . 32) is disposed 
in each of said two helical passages (33. 36), 
at least one of said electrically conductive ele- 
ments of sufficient resistance to give off heat 


when energised, said sufficiently resistive elec- 
trically conductive element being said heater 
element. 

5 35. A conduit as claimed in claim 34 wherein an 
intermediate co-axially located intermediate 
conduit (35), having at least one helical cor- 
rugation, is located between said inner wall 
(40) and said outer wall (30), the outwardly 

10 disposed surface of the peaks (28) of said at 

least one helical corrugation contacting the in- 
ner surface of said outer wall (30), and the 
inwardly disposed surface of the troughs (29) 
of said at least one corrugation contacting the 

75 outer surface of said Inner wall (40), said at 

least two intermediate co-axial helical wall be- 
ing the sides of said at least one corrugation. 

36. A conduit as claimed in claim (35) wherein 
20 sard intermediate conduit (35) has two said 

helical corrugations arranged as a double helix, 
and each said electrically conductive element 
(31, 32) is disposed in the trough (29) of a 
respective said corrugation. 

25 

37. A conduit as claimed in either claim 35 or 
claim 36 wherein said intermediate conduit 
(35) is thicker than k>oth said inner (40) and 
outer (30) walls. 

30 
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